Aura and Sindbis viruses are closely related alphaviruses. Unlike other alphaviruses, Aura virus efficiently encapsidates both genomic RNA (11.8 kb) and subgenomic RNA (4.2 kb) to form virus particles. Previous studies on negatively stained Aura virus particles predicted that there were two major size classes with potential T‫3؍‬ and T‫4؍‬ capsid structures. We have used cryoelectron microscopy and three-dimensional image reconstruction techniques to examine the native morphology of different classes of Aura virus particles produced in BHK cells. Purified particles separated into two components in a sucrose gradient. Reconstructions of particles in the top and bottom components were computed to resolutions of 17 and 21 Å, respectively, and compared with reconstructions of Sindbis virus and Ross River virus particles. Aura virus particles of both top and bottom components have similar, T‫4؍‬ structures that resemble those of other alphaviruses. The morphology of Aura virus glycoprotein spikes closely resembles that of Sindbis virus spikes and is detectably different from that of Ross River virus spikes. Thus, some aspects of the surface structure of members of the Sindbis virus lineage have been conserved, but other aspects have diverged from the Semliki Forest/Ross River virus lineage.
Alphavirus is a genus within the family Togaviridae that consists of about 26 members. Alphaviruses are enveloped, positive-sense, single-strand RNA viruses, are transmitted by arthropods (primarily mosquitoes), and cause fever, rash, or encephalitis in humans or domestic animals (24) . The alphaviruses can be grouped into three lineages based on comparisons of their genome sequences: the VEE/EEE (Venezuelan equine encephalitis/Eastern equine encephalitis virus) lineage, the SFV/RRV (Semliki Forest/Ross River virus) lineage, and the SINV (Sindbis virus) lineage (18) . Aura virus, first isolated from Aedes serratus in Brazil and northern Argentina, is a member of the SINV lineage (21) . There is no evidence for human disease caused by the virus.
The 11.8-kb alphavirus genome contains two domains. The 5Ј-terminal two-thirds encodes four nonstructural proteins required for RNA replication. The 3Ј one-third encodes the structural proteins, which are expressed by means of a 4.2-kb subgenomic mRNA. These structural proteins are translated as a polyprotein that is subsequently cleaved into five proteins: the nucleocapsid protein (CP) (ϳ30 kDa); two envelope glycoproteins, E1 (ϳ52 kDa) and E2 (ϳ49 kDa); and two small peptides, E3 (ϳ10 kDa) and 6K (ϳ6 kDa) (19) . The Aura virus structural proteins and those of SINV have amino acid sequence identity of 77% for CP, 56% for E2, and 61% for E1, for an average identity of 62% (21) . These structural proteins have only 46% sequence identity with those of RRV or SFV, although the structural proteins of RRV and SFV have 75% sequence identity.
No atomic structure of an alphavirus has been determined because the best crystals thus far diffract X-rays to a resolution of only ϳ30 Å (10). Low-resolution (20-to 30-Å ) and moderate-resolution (9-Å ) structures of several alphaviruses have been determined by means of cryoelectron microscopy (cryo-EM) and three-dimensional image reconstruction techniques (5, 13, 15, 16, 27) . Cryo-EM studies on RRV (5), SFV (27) , and SINV (16) demonstrated that alphaviruses are spherical, multilayered structures with an outer diameter of ϳ710 Å . The viral genome is encapsidated in a closed protein shell, called the nucleocapsid core, and is composed of 240 copies of the CP protein arranged in a Tϭ4 icosahedral lattice (26) . The CP subunits are organized as pentameric and hexameric capsomers, which extend to a radius of 215 Å and project ϳ45 Å above the base of the protein shell. This base contains the N terminus of the CP protein, which interacts with the viral RNA. It is not known if the base contains surface-accessible RNA or whether the RNA is simply encapsidated by this protein shell. However, the RNA in isolated nucleocapsid cores is sensitive to RNase digestion (11) . Hence, the protein shell may not completely shield the genome. In virions, the viral nucleocapsid core is tightly enveloped by a lipid bilayer derived from the host. Glycoproteins penetrate the bilayer and form a one-to-one association with CP (5). Glycoproteins E1 and E2 form heterodimers that are present in a Tϭ4 icosahedral lattice, organized as 80 trimeric spikes on the viral surface. Glycoprotein E2 forms the external protruding portion of each spike, whereas E1 lies roughly parallel to the membrane, forming an icosahedral scaffold (12, 17) . The assembly of alphavirus capsids requires RNA, as no example of nucleic acid-free virus assembly has been reported (25) . In most alphaviruses, packaging of RNA is specific, and the genomic RNA is preferentially packaged because an RNA packaging signal is present only in the genomic RNA (23, 29) .
However, both the genomic RNA and subgenomic RNA of Aura virus are efficiently encapsidated to form virion particles, suggesting that a packaging signal for Aura virus RNA may lie in the region of the genome transcribed into subgenomic RNA (22) . Two major size classes of Aura particles were found by electron microscopy in negatively stained preparations (20) . One class contained particles with a diameter of ϳ720 Å which are similar in size to the virions of other alphaviruses, whereas the second class contained particles with a diameter of ϳ620 Å . The 720-Å -diameter particles were postulated to be Tϭ4 particles that contain one copy of genomic RNA or up to three copies of subgenomic RNA. The 620-Å -diameter particles were postulated to contain only a single copy of subgenomic RNA and possibly to have Tϭ3 symmetry. In addition, a small fraction of very small particles (ϳ360-Å diameter) was also observed (20) .
In this paper we report the use of cryo-EM and threedimensional image reconstruction (3) to examine the native morphology of Aura virus particles produced in BHK cells. We found that Aura virus particles separated into two components in a sucrose gradient. The upper component consisted of wildtype virions, the majority of which contain genomic RNA. In contrast, the lower component contained a mixture of genomic and subgenomic RNA-containing particles. Although 10 to 30% of the particles in the lower fraction appeared smaller in stained preparations, cryo-EM reconstructions revealed that Aura virus particles from both the top and bottom components of the sucrose gradient (Aura T and Aura B , respectively) are similar Tϭ4 structures that resemble those of other alphaviruses.
MATERIALS AND METHODS
Virus propagation and purification. Baby hamster kidney cells (BHK-15) used for propagation of Aura virus were grown in Eagle minimal essential medium supplemented with 10% fetal bovine serum. Large-scale production of virus was made by infecting BHK cells with virus at a multiplicity of infection of 1. Virus was harvested at 25 h postinfection and was first precipitated from the supernatant with polyethylene glycol after a brief centrifugation (5,000 ϫ rpm for 10 min at 4°C in a Sorvall GSA rotor). The virus was resuspended in 1.5 ml of TNE buffer (50 mM Tris, 200 mM NaCl, 1 mM EDTA) with a pH of 7.6 and was sedimented on a freeze-thaw sucrose gradient for 1.25 h at 38,000 rpm at 4°C in a Beckman SW41 rotor. The purified virus was prepared by centrifugation on a 15 to 30% sucrose gradient at 36,000 rpm for 1.5 h at 4°C in a Beckman SW41 rotor. Two viral bands were discernible. The top and bottom bands, corresponding to Aura T and Aura B , respectively, were collected by side puncture. Each band was then separately pelleted by centrifugation in a Beckman 50.2 rotor for 2 h at 36,000 rpm at 4°C, and each pellet was resuspended in 20 to 40 l of TNE buffer.
Cryo-EM and three-dimensional image reconstruction. Small aliquots (3.5 l) of Aura virus (Aura T and Aura B ), SINV, and RRV samples were prepared for cryo-EM as described previously (1, 2, 5, 14) . Images were recorded in a Philips CM200 field emission gun transmission electron microscope under low-dose conditions (10 to 13.5 e Ϫ /Å 2 ) at a nominal magnification of ϫ38,000. Micrographs of Aura T , Aura B , SINV, and RRV, all of which displayed a uniform distribution of particles and ice thickness, were digitized at 7-m intervals on a Zeiss-SCAI scanner. Each image was bin averaged to 14-m pixels, corresponding to intervals of 3.68 Å at the specimen.
Images of individual virus particles were boxed and floated as is customary (3). The common-lines method (9) was used to compute initial reconstructions of each of the virus samples. These reconstructions were then used as models to determine and refine orientation and origin parameters for each virus image by means of the model-based polar-Fourier transform method (1) . Orientation and origin refinement were monitored with real-and reciprocal-space correlation coefficients. The Fourier transform of each image was modified to correct in part for the effects of the microscope contrast transfer function. Eigen value spectra were used to assess the conditioning of the linear, least-squares equations. The resolution of each map was estimated by splitting the image data into two roughly equal sets and comparing the structure factors, calculated independently for each data set.
Difference maps of Aura T minus Aura B and of Aura T minus SINV were computed as described previously (17) . The three-dimensional reconstructions of Aura B , SINV, and RRV were compared to the Aura T reconstruction by means of correlation coefficient analysis computed as a function of radius.
The absolute hand of the Aura virus structure was determined by means of tilt experiments (4). Simian virus 40 (Tϭ7d lattice) was used as a control to establish a protocol for recording tilt-pair images on a Philips CM200 microscope at a magnification of ϫ38,000. Each particle image from the tilt data set was crosscorrelated with the corresponding projections of a reconstruction and its enantiomorph. At 32-Å resolution, the reconstruction of Aura T of the correct hand exhibited an average correlation coefficient of 0.474 Ϯ 0.161, compared to 0.128 Ϯ 0.062 for that of the reconstruction of the incorrect hand. The corresponding correlation coefficients for the Aura B reconstructions with the correct or incorrect hands were 0.458 Ϯ 0.208 and 0.112 Ϯ 0.006, respectively.
RESULTS
Cryo-EM reconstruction of Aura B and Aura T . Aura virus propagated in BHK cells is composed of a mixture of virus particles containing both genomic and subgenomic viral RNAs. These particles separate differentially in sucrose gradients into faster-sedimenting particles (Aura B component), which contain both 49S genomic and 26S subgenomic RNA, and slowersedimenting particles (Aura T component), which contain only the genomic RNA (20) . Negative staining and EM revealed two size populations of virions present in the faster-sedimenting band (20; also data not shown). Particles with a diameter of 710 Å were observed, which is consistent with other Tϭ4 alphaviruses. A subset of smaller particles with a diameter of 620 Å was also observed, which was previously hypothesized to be Tϭ3 particles that contain subgenomic RNA. However, this size discrepancy was not apparent in images of the frozenhydrated Aura virus samples (either the top or bottom bands of the 15 to 30% sucrose gradient) (Fig. 1) . Images of Aura T and Aura B particles were visually indistinguishable. In both samples, the viruses exhibit a consistent spherical morphology and a diameter of ϳ710 Å . Glycoprotein spikes are discernible at the particle peripheries, and membrane features can be seen on close inspection of close to focus micrographs. The diversity of the projected viral images indicated that virions were randomly orientated in the vitreous ice. Image reconstruction maps of Aura T and Aura B virus were computed to 17-and 21-Å resolution (Table 1) . Two independent preparations of Aura T virus and three independent preparations of Aura B virus were imaged by cryo-EM and gave consistent results.
Organization of Aura virus. The Aura virus structure appears similar to that of other alphaviruses examined by cryo-EM methods ( Fig. 2 and 3) . The Aura T structure shows clear Tϭ4 quasi-symmetry and a multilayered organization, which includes a glycoprotein shell (263 to 355 Å ), a lipid bilayer (215 to 263 Å ), a nucleocapsid protein shell (170 to 215 Å ), and viral RNA. The outer glycoprotein shell is subdivided into three distinct layers: the spike projections (53 Å in height) that form the predominant feature on the virus surface, the thin shell of density or skirt (22 Å thick) that, with the exception of holes at the icosahedral twofold axes, covers most of the virus surface and connects the projecting spikes, and the subskirt region (18 Å thick) that connects the skirt to the top of the lipid bilayer. Previous studies of SINV deglycosylation mutants (17) and fitting the atomic structure of SFV E1 into the cryo-EM reconstruction map (12) indicate that the spikes consist primarily of glycoprotein E2, whereas the skirt is attributed to a tangential arrangement of E1 glycoproteins. The nucleocapsid core proteins are organized as 42 capsomers, of which 30 hexamers are situated at the icosahedral twofold axes and 12 pentamers occupy the fivefold axes. Both capsomer types project radially outward from the base of a 15-Å -thick shell. A lipid bilayer membrane tightly envelopes the core, and the inside layer of phosphate head groups bends by approximately 7 Å toward the center of each capsomer. Putative genomecapsid connections are not observed in the reconstructions, though this may be a consequence of enforcing icosahedral symmetry on the entire reconstruction.
Structural comparisons of Aura T , Aura B , SINV, and RRV. The structures of Aura T , Aura B , SINV, and RRV were all rendered at 22-Å resolution to permit qualitative and quantitative comparisons (Fig. 3) . Careful comparisons of the sizes and shapes of internal and external features reveal that Aura T and Aura B are virtually identical. The Aura T minus Aura B difference map shows no significant peaks and confirms the similarity of the two reconstructions (Fig. 3) . In addition, correlation coefficient analysis, computed as a function of radius, between the Aura T and Aura B reconstructions, indicated that the glycoprotein and nucleocapsid protein layers are almost identical in these Aura viruses (Fig. 3) . Therefore, despite differences in RNA content, migration in sucrose gradients, and particle sizes observed using negative staining and EM, Aura T and Aura B are indistinguishable at 22-Å resolution.
At first glance, the Aura T and SINV structures appear quite similar if not identical (Fig. 3) . However, the Aura T minus SINV difference map shows strong positive and negative peaks, which may reflect genuine structural differences. Radial density correlation coefficient analysis shows that SINV is less similar to Aura T than Aura T is to Aura B . Superimposed wireframe representations of the two maps demonstrate that Aura T hexamers and pentamers in the core and the transmembrane bundles are rotated ϳ6°counterclockwise relative to that observed in SINV, whereas densities at the upper surface of the membrane coincide (Fig. 4) b Total number of viral particles boxed from all micrographs. The number of particles used for the three-dimensional reconstruction is given in parentheses.
c Average real-space correlation coefficient for all particles computed between 165 and 350 Å radii of the final model. The correlation coefficient (CC) was calculated as follows:
2 )] 0.5 . 1 and 2 refer to the density values of one particle image and its corresponding projection of the three-dimensional reconstruction, respectively. The sum is take over all pixels within the defined radii and Ͻ 1 Ͼ and 2 Ͼ refer to the mean values of the image and the corresponding projection of the reconstruction. The standard deviation (SD) of each correlation coefficient is given in parentheses.
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AURA VIRUS STRUCTURE 7241 which the nucleocapsid capsomeres were found to be rotated counterclockwise with respect to their SINV counterparts (15) . The spike morphology in RRV differs noticeably from that seen in Aura T , Aura B , and SINV (Fig. 3) . The most prominent difference is that RRV lacks a small nodule that occurs on the distal end of the spike in the other alphaviruses. On SINV, this small knob was recently shown to be the sugar moiety at residue 196 of the E2 glycoprotein (17) . The RRV E2 glycoprotein has a similar glycosylation site but at residue 200 (E2-200). Consistent with this difference, extra density is found on the inner side of the RRV spike petal, close to the center (threefold or quasi-threefold axis) of each spike. A cavity lies beneath the center of each RRV spike, because in RRV the E1 molecules have no glycosylation site at residue 245, as the E1 gly- , and equatorial cross sections (third row) from Aura T and Aura B , SINV, and RRV allow similarities and differences between these reconstruction maps to be compared. Reconstruction maps of Aura T , Aura B , and SINV are remarkably similar, whereas the RRV spike differs both on its exterior and its interior, where a cavity is present (see arrows on RRV cross section). The two panels on the bottom left are the central sections of the Aura T ϪAura B and Aura T ϪSINV difference maps. The bottom right panel plots the correlation coefficients between different pairs of reconstructions (Aura T ϪAura B , Aura T ϪSINV, and Aura T ϪRRV) as a function of radius. The color bar at the top of the panel coincides with the color scheme used in the equatorial cross sections (third row): viral genome (pink), nucleocapsid core (orange), lipid membrane (green), and envelope glycoproteins (blue).
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coproteins of SINV and Aura virus do. Additional densities observed at the skirt level and between adjacent spikes in RRV correspond to the two carbohydrate moieties attached to each of the E2-262 residues that bridge the two spikes. The locations of the RRV E1-141 and E2-200 glycosylation sites were discussed in an earlier study (17) . Glycosylation sites in Aura virus. The glycoproteins of Aura virus, like SINV, have four glycosylation sites. Two of these sites are located on the same residues as SINV (E1-139 and E1-245). The other two sites occur at E2-197 and E2-319 on Aura virus instead of E2-196 and E2-318 in SINV. All of the glycosylation sites in SINV have recently been mapped through difference map analyses computed between wild-type SINV and each of four, single-site glycosylation mutants (E1-139, E1-245, E2-196, and E2-318) (17) . Given the close similarity between the Aura virus and SINV structures, difference maps were calculated by subtracting reconstructions of the individual SINV deglycosylation mutants (17) from the Aura T reconstruction. As expected, on the basis of similarity of the Aura T and SINV structures and conservation in amino acid number for glycosylation sites in E1 and E2, the locations of the sites in Aura virus were comparable to those found in SINV.
The Tϭ4 icosahedral symmetry of the virion means that four unique copies of each glycosylation site are present in each asymmetric unit of the particle. These four, quasi-symmetric positions are listed for Aura T (Table 2 ) and SINV (17) . The HOMOlogy program was used to assess the accuracy with which each carbohydrate difference peak within the icosahedral asymmetric unit obeys the Tϭ4 quasi-symmetry ( Table 3) . The carbohydrate moiety positions in Aura virus obeyed the Tϭ4 quasi-symmetry to within 1.5 Å for the E2-197 and E2-319 sites and to within 3.1 and 5.4 Å for the E1-245 and E1-139 sites, respectively ( Table 3) . As the E1-245 sites are located near the threefold and quasi-threefold axes, they should exhibit the smallest deviation from Tϭ4 quasi-symmetry. The large variation detected in the E1-245 sites is mainly attributed to measurement error, because three carbohydrate molecules are too close to be resolved and therefore, their densities merge into one larger feature. The three remaining Aura virus sites show much smaller deviations from Tϭ4 quasi-symmetry than the corresponding SINV sites, whose carbohydrate moieties obey the quasi-symmetry to within 1.6 Å for the E1-245 and E2-318 sites and to within 3.4 and 7.4 Å for the E2-196 and E1-139 sites, respectively.
Modeling studies have shown that the long, thin E1 molecules fit nicely onto the skirt region and form an icosahedral scaffold (12, 17) (Fig. 5A) . These same studies assigned the E2 molecules to all unoccupied densities, the majority of which occur in the protruding spikes. However, the association between E1 and E2 remains unclear. We have performed statistical analyses to determine which E2-319 sites and E1-139 sites belong to a particular heterodimer based on the locations of the carbohydrate densities. Three E2-319 sites (A1, A2, and B1) surround each B1* site of E1-139 (Fig. 5 ). Each of these three possible heterodimer assignments (B1*-A1, B1*-A2, or B1*-B1) gives rise to a unique set of four, quasi-symmetric dimers. The distances between E1-139 and E2-319 for each of the four, quasi-symmetric dimers as well as the standard deviations were measured (Fig. 6 ). Assignment I (Fig. 5B) , which links B1* of E1-139 and A1 of E2-319, gives the smallest variation (i.e., Ϯ1.0 Å ). The variations found for the other two FIG. 4 . Stereo view of the electron density maps of Aura virus (red) and SINV (blue), displayed at a high contour level, with the capsid appearing at the bottom and the glycoprotein at the top. The fingerlike projections pointing downwards from the glycoproteins and upward from the capsid, and corresponding to the transmembrane densities of Aura and SINV, are indistinguishable at the upper surface of the membrane but have slightly different orientations at the lower surface. a The experimental error of these measurements is estimated to be in the range of Ϯ0.3 to Ϯ1.5 Å . This is based on the deviations from a perfect symmetrical arrangement when the Aura virus glycosylation sites near the icosahedral threefold axes are superimposed after applying threefold symmetry, as shown in the first column in Table 3 . assignments are Ϯ4.6 Å and Ϯ2.4 Å for B1*-B1 and B1*-A2, respectively. Similar results were found for SINV: Ϯ0.3, Ϯ3.5, and Ϯ3.2 Å for B1*-A1, B1*-B1, and B1*-A2, respectively (17) . Therefore, for Aura virus, at a threefold spike, the A1 site of E2-319 and the B1* site of E1-139 probably belong to the same heterodimer.
DISCUSSION
EM of Aura T and Aura B . Cryo-EM images of Aura T and Aura B are indistinguishable. As revealed in the three-dimensional reconstruction analyses, particles in both fractions are 710 Å in diameter and they obey Tϭ4 icosahedral symmetry. The surface features of the glycoproteins are essentially indistinguishable from those of SINV virions. Thus, the findings that these particles separate into two components during sucrose gradient sedimentation and that many negatively stained particles in the bottom component appear to be smaller, uniform particles with a diameter of 620 Å are puzzling. These differences presumably arise as a result of differences in the nucleic acid content in the two components. Given the technical difficulties in separating top and bottom components, it appears that the top component consists of particles that contain mostly genomic RNA and that the bottom component consists of particles that contain primarily subgenomic RNA. We suggest that the smaller particles seen by negative staining and EM have a suboptimal content of RNA, perhaps only a single copy of the subgenomic 4.2-kb RNA, and that the structure collapses upon exposure to the negative stain. Perhaps particles that do not collapse have more RNA, or perhaps they survive intact upon addition of stain. The fraction of particles that collapse could depend upon the vagaries of exactly how they are exposed to the stain, and we have found that different preparations for EM observation differ in the fraction of smaller particles observed. If these assumptions are correct, it is still puzzling why particles that contain less RNA would sediment faster. Perhaps the high concentration of sucrose induces a reversible contraction of the particles that contain less RNA, causing them to sediment faster. However, other explanations may be just as plausible.
These results have significant implications for understanding how the structure of the virion forms. They predict that the final Tϭ4 structure is not dependent upon RNA content but is a fundamental property of the proteins that form the structure. Two forces are believed to contribute to the Tϭ4 structure. With most alphaviruses, nucleocapsids form in the cytoplasm independent of interactions with glycoproteins, and nucleocapsids can be assembled in vitro in the absence of glycoproteins (25, 30) . Although the precise structure of these nucleocapsids has not been determined, they do possess the requisite number (240) of CP molecules for a Tϭ4 structure. Significantly, when assembled in vitro, the size of the nucleocapsids is independent of the size of the nucleic acid used to initiate assembly (25) . Assembly using polynucleotides of length 14 gives rise to the same-size structure as does the viral genomic RNA. The glycoproteins, in particular E1, are also important for forming a stable Tϭ4 structure. The glycoproteins can form a regular lattice in the absence of nucleocapsids (28) and can assist the formation of nucleocapsids in mutants that are otherwise unable to form nucleocapsids (7). Thus, formation of a Tϭ4 structure appears to be an innate property of both the CP protein and the glycoproteins. In this regard, it is noteworthy that RNA molecules that are more than 10 to 20% larger than the wild-type genome cannot be incorporated into virions, which is consistent with the hypothesis that the composition of the structure formed by the viral proteins is predetermined (8) .
If this analysis is correct, the assembly pathways of the alphaviruses differ from those used by flaviviruses in a number of fundamental properties. The E1 protein of alphaviruses has been shown recently to have a structure very similar to that of E protein of flaviviruses and to fulfill a similar role in the structure of the mature virion (12, 17) . However, the flavivirus virion is a Tϭ1 structure in which the component E proteins are not all present in quasi-equivalent positions (11a), whereas the alphavirus virion is a Tϭ4 structure with all E1 molecules present in quasi-equivalent positions. Of interest is the fact that E and prM of flaviviruses will form a Tϭ1 structure in the absence of nucleocapsids (6), whereas an equivalent structure has never been seen in alphaviruses. Thus, the E protein of flaviviruses can participate in alternative structures, whereas the E protein of alphaviruses appears to be predetermined to a Tϭ4 structure.
Structure of Aura virus at 17-Å resolution. The structure of the Aura virion is very similar to that of SINV. Based on the difference map analyses, the details of the skirt and subskirt regions resemble those of SINV rather than SFV or RRV. Also the locations of the carbohydrate chains in Aura virus are strikingly similar to those in SINV but differ from those in RRV. The conservation of this feature within the SINV lineage is consistent with the hypothesis that the carbohydrate moieties have a structural role in the assembly or disassembly of the virion and are not present simply to increase the solubility of the proteins during folding. Also consistent with this hypothesis is the fact that of the four carbohydrate chains present on E1 and E2, only one chain (at E2 position 197 in Aura [SINV position 196] ) is on the distal surface of the glycoprotein spike where it might interact with the external solvent. The other three chains reside in the skirt region where they appear to interact with domains within the glycoprotein, with each other, or with bound solvent, rather than with the external solvent.
The carbohydrate chains in the SFV/RRV lineage occupy detectably different positions from those in the SINV lineage, suggesting that the structures of the virions differ in ways that may be important for function. In this regard, it is notable that the sequences of the E2 proteins of SINV and Aura virus can be aligned throughout their length without the introduction of gaps, with the exception that Aura virus has one extra amino acid at the N terminus. In contrast, alignment of SINV and SFV or RRV E2 proteins requires the insertion of several gaps. The ectodomains of E1 of Aura virus, SINV, SFV, and RRV can all be aligned without gaps. This may reflect the importance of the structural role of this protein in forming the skirt and imposing a Tϭ4 structure on the virion.
